supporting structure. But work on a wider, safer, and long-overdue road has stopped because of lack of money. That problem is just one of several obstacles in the way of a 12-year quest by U.S. and Mexican scientists to construct Mexico's most expensive scientific facility and its largest cooperative R&D effort with its northern neighbor.
Operating at wavelengths as short as 1 millimeter, the $80 million telescope is designed to generate important new data on the nature of early galaxy formation and many other objects in the universe. But despite the road and a host of other challenges-ranging from design headaches to an uphill battle for scientific respect-the project's future suddenly seems bright. The new Mexican government appears favorably disposed to the project, and the U.S. National Science Foundation (NSF) is poised to provide the first chunk of U.S. government support obtained through accepted scientific channels.
A lot is riding on a successful outcome. The telescope would vault Mexico into the elite ranks of countries with world-class observatories. "This is very, very important for us," says Alfonse Serrano, director of the National Institute of Astrophysics, Optics, and Electronics and the Mexican midwife of the effort. For its U.S. partner, the University of Massachusetts (U Mass), the new telescope means a chance to remain in the top ranks of U.S. astronomy departments. And for the community at large, LMT represents a new and valuable tool. "We're happy to have it," says Martha Haynes, a Cornell astronomer who chaired last year's radio astronomy panel that fed into the National Research Council's (NRC's) influential decadal report on the future of U.S. astronomy.
Work on its foundation began last month and is expected to be completed this year, with "first light" in 2004-2 years behind schedule. Once finished, it will be the largest millimeter-wavelength telescope in the world, soaring more than 15 stories above a desolate mountaintop. "Our killer app" will be data on early galactic development, says U Mass project scientist Peter Schloerb. Highly redshifted galaxies are particularly visible at the millimeter wavelength. With its wide bandwidth, the large dish will be able to collect massive amounts of data on these ancient structures for astrophysicists to plug into their evolutionary models. But researchers also expect to gather more accurate information, and at a faster rate, on distant galaxies, the velocities of galaxy clusters, and molecular gas clouds in our own galaxy. Peering closer to home, the telescope should be able to plot the shape of comets beneath their obscuring comae. Such results will be vindication for supporters, who have fought hard for scientific respectability. The original idea was conceived in the late 1980s by U Mass scientists who currently operate a 14-meter telescope near the campus, but it was rejected by NSF. The 1991 NRC decadal survey highlighted the need for a millimeter array, but that suggestion grew into the $400 million Atacama Large Millimeter Array (ALMA) being planned jointly by the United States and Europe for a mountain site in Chile's Atacama desert. Refusing to give up, U Mass officials struck a deal with their Mexican counterparts, who agreed to host the facility and pay half the cost of construction. And they convinced Congress to put $21.4 million for the LMT into the budget of the Defense Advanced Research Projects Agency (DARPA), circumventing peer review and NSF altogether. The move earned a "tongue-lashing" from one upset House Science Committee staffer, recalls one scientist involved in the effort. They also reaped $5 million from the state of Massachusetts as well as $4 million from the university (Science, 17 January 1997, p. 300).
The ill feelings from that pork-barrel strategy have faded, however, in part because the funding earmarked for the LMT did not threaten other radio astronomy projects like ALMA. The LMT will form one part of a suite of new ground-based instruments now being designed or built to cover millimeter and submillimeter wavelengths, each with its own particular technical strengths. LMT, for example, will be capable of imaging celestial regions an order of magnitude more rapidly than the 40-dish ALMA can, Schloerb says. "When you put all these together, you have what you need," Haynes adds.
Mexico's support for the project has been unflagging, surviving the peso crisis of the mid-1990s and numerous strains on the country's research budget. Nevertheless, the project has encountered a host of difficulties. Disputes with the German company hired to design the LMT slowed progress, and a 1997
decision not to build a protective radome around the telescope led to a major redesign midstream. In addition, the site's features-including high winds, extreme temperatures, and crumbly soil-proved a greater challenge than expected for both design and initial construction, says Allen Langord, U Mass program manager.
An August 2000 review by an outside advisory panel appointed by the project noted "substantial progress," although it cited "serious concerns" about antenna design, contract delays, schedule uncertainties, and budget shortfalls. Cornell astronomer Paul Goldsmith, panel chair, says that he and his team were encouraged during a visit last month to the site, but says major challenges remain.
A temporary road to the site has long been complete, for example, but work on the promised permanent route has halted. The state of Puebla had promised to build the road, but funding was halted last year after floods swept the region and a new governor was elected. The state has asked for federal funding to complete it, Serrano says, "but we don't know the result yet." One alternative would be to improve the temporary road so that it could carry the heavy equipment necessary to complete the telescope.
The balance of funding between the partners is another source of tension. Serrano says that Mexico has already spent its $40 million and that it needs an estimated $3 million more. Last week Serrano was named second-in-command at Mexico's research ministry, an appointment that seems likely to bolster government support. "This is good news," says Langord. But Serrano worries about the U.S. contribution, about $30 million so far: "We're in a more difficult position if the U.S. can't raise the additional $10 million" to match Mexico's contribution.
Langord takes a different view of what constitutes a fair share by each side. Not all the Mexican money has gone directly to telescope design and construction, he notes. In addition, he says that it may be possible to finish the U.S. part of the work for less than $40 million. Other project officials say that a 50-50 split was never formalized. Still, they say they are confident that Congress later this year will provide DARPA with the necessary funds, up to $10 million, to finish construction.
In the meantime, he and Schloerb are waiting for final word from NSF on the university's request for support. U Mass currently receives $1.1 million from NSF to operate its current dish, which will be shut down when the LMT goes on line. The goal is to ramp up the funding to $2.5 million annually by 2004, an amount that would cover the U.S. share of operating costs of the LMT. In the meantime, money not needed to operate the existing facility would finance instrumentation.
Outside researchers expect NSF to approve additional funding for at least the next 2 years and then review the overall project. "The fact that NSF is willing to support us is a strong indication that the scientific community considers the LMT to be a worthwhile project," says Schloerb. And Goldsmith is confident of finding operating funds. "The science is so overwhelmingly exciting," he says. "The money will be found, even if no one is quite sure how."
